As follow-up, the couple was seen for genetic counSome 15% of clinically recognized pregnancies seling. While it is understood that paracentric inverbetween 4-20 weeks undergo spontaneous abortion sions can cause pregnancy loss, it generally is not (1) . True loss, however may be closer to 50%, since expected to result in multiple consecutive losses. To many early pregnancies go clinically unrecognized (2) .
investigate the proportion of sperm that had undergone Most early losses are associated with chromosomal recombination on chromosome 2, molecular cytogeabnormalities in sperm or egg and result in arrested netic analysis of sperm was performed. Using fluoresembryonic development and/or failed implantation (2) .
cently labeled DNA probes unique to the alpha satellite Recurrent abortion is defined as three or more conregion of chromosome 2, 496 spermatozoa were scored secutive pregnancy losses (3). This occurs in 0.5-1%
for chromosome 2 signals. The expected pattern for of pregnant women (3). Multiple etiologies for recurnormal spermatozoa would be a single signal for chrorent abortion have been discussed including genetic mosome 2. Recombination of a paracentric inversion abnormalities, immunologic factors, luteal-phase should lead to spermatozoa with either two (dicentric) defect, uterine anomalies, infection, and metabolic and or zero (acentric) signals. A second DNA probe was hormonal disorders (4) . Therefore, standard evaluation tested as an internal control (chromosome 17 alpha is reasonable, realizing that up to 50% of couples will satellite). Results of the sperm analysis showed that have no identifiable cause (4 electively underwent cytogenetic analysis that revealed the same paracentric inversion. Semen analysis was The index patient is a 35-year-old male referred for genetic counseling following three documented chemithen performed to rule out oligospermia. All semen followed by the addition of gonadotropins and ultrasound follicular monitoring. Peak estradiol level was 2117 pg/ml. The day of human chorionic gonadotropin (hCG) administration, ultrasound confirmed the presence of the lead follicles at 18 mm and the endometrial stripe at 10 mm. The patient underwent transvaginal ultrasound-guided follicular aspiration 37 hr after administration of 10,000 units of hCG yielding 12 oocytes in good condition. Six of the oocytes were inseminated and allowed to fertilize in vitro. The other six underwent intracytoplasmic sperm injection (ICSI) micromanipulation in order to maximize the likelihood of fertilization. Four of the six inseminated and six of the six oocytes exposed to ICSI fertilized. Subsequently, one from the insemination group and four from the ICSI group cleaved. Thus, out of the ten fertilized oocytes, five embryos developed. The couple elected to allow the embryos to develop to the blastocyst stage. Unfortunately, all five embryos underwent developmental arrest in culture. The couple has since elected to adopt a child. Further pedigree analysis was done for family information purposes (Fig. 2) . DISCUSSION parameters were found to be within normal limits using standard the World Health Organization (WHO) criteria (5). However, after 14 months of conception Parental chromosomal abnormalities are present in approximately 4% of couples with recurrent abortion attempts, this brother presented with his wife for fertility evaluation. At that time her past medical history (7) . The largest portion of abnormalities in couples are balanced translocations. However, other rearrangewas negative, including no menstrual irregularities or history of past pelvic surgery or infection. A hysteroments such as chromosomal inversions are more rare (7). Inversion is a rearrangement involving two breaks salpingogram was normal, as was a diagnostic laparoscopy. At this time, they chose to undergo empiric of the chromosome followed by rotation of the segment 180 degrees with reinsertion. A paracentric inversion clomid therapy with intrauterine insemination. After three unsuccessful cycles, she sought a second opinion involves only one arm of the chromosome. Individuals with the presence of an inversion rarely show phenoand proceeded with gonadotropin stimulation and intrauterine insemination for four cycle attempts. typic abnormalities (8) . Normally, during the first meiotic division homologous chromosomes replicate, then Again, there was no success. At this point, some consideration was made regarding the inversion and pair. In a chromosome with a paracentric inversion, a loop in the inverted segment will form during pairing. whether its presence was having an impact on the conception rate. A repeat semen evaluation for antiIf crossing-over occurs in the inversion loop, this results in four potential gametes, including a normal sperm antibody testing and Kruger morphology was done (5) . No antisperm antibodies were found. Semen chromosome, one with the balanced inversion, and an acentric and a dicentric chromosome. The first two evaluation revealed hyperconcentrated semen containing 72% abnormal morphology: 6% microcephalic, can go on to produce normal offspring; however, the latter are genetically unstable. The longer the inverted 42% amorphic head, 23% amorphic body, and 1% amorphic tails. Following careful discussion, this cousegment, the more likely for crossing-over to occur, and therefore the production abnormal gametes. If ple with unexplained infertility elected to undergo an in vitro fertilization cycle with the purpose of docuthere is no crossing-over within the inversion loop, then the products of meiosis remain balanced (8) . menting fertilization and embryonic development (6) .
The wife underwent a standard down-regulation proMore than 450 cases of paracentric inversion have been documented to date in the literature. Inversions tocol utilizing leuprolide acetate in the luteal phase have been found on all 22 autosomes and both sex balanced embryos and pregnancy loss. However, the clinical significance is still debatable. In the pedigree chromosomes. They were most commonly observed on chromosome arms 6p, 7q, 11q, and 14q, and least presented the projected frequency of abnormal gametes was low and we do not have a karyotype confirmation commonly observed on chromosomes arms 2p, 2q, 3q, 4q, and 6q (9) . of a chromosomal mechanism by blastomere biopsy. This case, however, does represent an outlier in our Three familial cases involving a paracentric inversion on the long arm of chromosome 2 are reported laboratory, as none of the embryos made it to blastocyst. The average percentage development to blastoin the literature. The first reported case was by Schmid (10) in 1985. An inversion, 46,XX,inv(2) (q31q36), cyst in our program is 50%. There have been other clinical examples where the actual frequency of unbalwas identified in a female with repeated pregnancy loss (10). Lin et al. (11) reported the second case that anced conceptions differs significantly from expected values (13) . involved a 46,XX,inv(2)(q31q35)female with a history of two spontaneous abortions. A third case involved
The father and father's brother were subsequently found to carry the same inversion without a demona phenotypically normal 46,XY,inv(2) (q21q33) male karyotyped because of homosexual tendencies (12) . strated reproductive effect. However, subtle deletions of DNA can occur in apparently balanced rearrangeHis pedigree report found no history of abortions or congenital anomalies. Our case represents the fourth ments and may lead to defective expression for critical genes either directly or indirectly (14, 15) . Convenreported familial paracentric inversion on chromosome 2 and is the first such case involving two male carriers tional banding was performed for cytogenetic analysis with band resolution in the typical range for peripheral with subfecundity.
It is common knowledge that paracentric inversions lymphocytes. No deletions were visually apparent on either the father or the two brothers. We postulate that can lead to recombination during gametogenesis, genetically unbalanced sperm, and subsequently una small submicroscopic deletion could have occurred at or near the inversion breakpoints, even though there Denise H. Devine Gail Whitman-Elia 1 is no cytogenetic evidence, as a possible explanation for how the inversion could be present in the father Robert G. Best Janice G. Edwards with normal fertility, while resulting in subfertility for Department of Obstetrics and Gynecology both sons. We report this pedigree to expand the cumuUniversity of South Carolina School of Medicine lative literature, as further data need to be obtained on
